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INTRODUCTION 


a 
. The dynamic evolution of offshore oil develoument in the Qulf of 





Mexico in tne last decade witn its elements of high costs, requirtmentes 


j, ànü enorméus risks has acajn demonstrated the forti- 








3 d industry in iR continual search for new Sources of 


In this new frontier there are no established limits. Drilling 


in depths of water up to 600 feet have been predicted, and nearly each 





ing publication of trade Journals includes a reference to a new 
location, both foreign and derestic, spre a search for offshore oil is 
being made. Tne potential areas for offshore oi] must truly be interpreted 


in terms of world-wide operstíons., 





The challenge of finding of] up to depths of 100 feet of water 
has been met, but in the words of a Special Repert published in the 
February 22, 1957 issue of Petroleum Week, "Ihe glamor days are over; the 
make-it-pay stage is hore*.- 

Foremost among thn mary "make-1%-pay* problems facing the opera- 
tors is the search for the moet eccnomical and practical method for 
gathering and moving the produced oil to the refinery. 

Operations in marshlands and inland waters are not new to the 
industry and the problems of vathering and transportation of the of) in 
these areas have been successfully met bs the combined use of elevated 
storage (supported by either piling or & submerged hull), barges, and 


pipelines. These methods have been extenced to operations in shallow 


s are listed in tne Bibliography. 
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j e 
coastal waters, and it is generally agread, despite the high cost, that 


ela of Weaes asthodh offen tee cbly preeties! schien in water 
depths up to about 40 feet, 


ds the water gets deeper, the economic problems become greater, 





sed distance to shore for either pipelines or barges advances 


the price of transportation until the possitdlity of foreseeable economic 
3 | 





production becomes highly questianable. 

0 The search for new methods to overcome tnis problem is contim- 
ous, and it has been reported recently that ine use of submerged storage 
in combination with tanker or barge loading is a strong candidate, >> 
The basic idea of submerged storage is not new. Patents pertain- 
ing to this concept date back to 1916 and the records of the U. S. Patent 


Office show at least twenty other generally related inventions. The 





submarine, in a modified sense, can be considered as an engineering appli- 
N cation of submerged storage since diesel oil is stored in tanks outside 
e the pressure hull. : 

Increased emphasis regarding this metnod of stcrage has been 
noted in recent months. Current articles ín the April and May, 1957 
issues of Offshore and the June 17, 1957 issue of The Oil and Gas Journal 
describe proposed types of facilities for offshore — 

Despite this record, the published literature doee not substanti- 
ate any operational use to date of a system designed for this purpose, 
and there are no known sources of composite evaluation data available to 
the operator who may consider this method. In the preliminary review by 
the author, divergent design approaches ty different inventors and authors 


ject were observed and very few background data, 
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gi 








ô 
if any, were provided as a basis for decision. This condition is not un- 

onable, for any inventor or architect mst assume a given set of 
“conditions to fix the limits of the design. However, in the final analy- 
pis, it is the operator who must provide the specifications and evaluate 
the design for his particular operations. 

In the evolution from first consideration to practical sdoptionm, 
the operator's decisions can be reached in one of two ways. He may 
attempt to evaluate a proposed design in terms of known or expected operat- 
ing conditions, or he may elect to provide limiting specifications from 
Which the architect will vrepare a design, after which a later evaluation 
by the operator will be made. In either case it is essential that the 
operator have a clear concept of the factors which can influence the 
design, instellation and operation of the device. The criteria may not 

= be constent and the resolution of some variables must be left to the de- 
signer, but information regarding the relative magnitude and importance 

of such A must be available. A single scarce document containing 
١ eeh data is always desirable. 

This study of submerged storage for offshore production is directed 
to the above need. A strict civil engineering design study for a specific 
application or a quantitative analysis is not intended. First, such a 
study would be beyund the scope of the training of the author, and second, 
it le considered that different operating conditions, weather, and other ` 
factors would preclude any standard design. Rather, 1t is hoped that 

this study will provide useful qualitative criteria to the operators who 


may consider this type of storags. 
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This study will tegin with separate discussions of the essential 
engineering factors and fundamentals which would be considered in the de- 
and operation of a submerged storage system. At the present time 
there are only four typee of proposed systems for offshore production 
known to the author; undoubtedly there will be many more in the future. 





The patent files include many ideas which an operator may wish to review. | 





Thus, a qualitative discussion of the fundamentals is considered appropri- 

ate to provide a basis by which any new proposed system may be evaluated, 
In the éiscussions of the fundamental factors, some remarks will 

refer to ranges of liquid petroleum, fuel connections, eto., which are 





` beyond the scope of offshore production operations. The inclusion of 
these added detalla are considered appropriate for an operator ín tbe in- 
dustry or military may wish to consider other applications for this 
type of storage. 

After presenting the essential design and operating factors and 
their fundamental principles, a correlation will be established between 
offshore production operations, the general feasibility of submerged 
storage, and the basic types of systeme which have been recently proposed 
for these applications. | 





II. LIMITS OF THE PROBLEM 





The term, submerged storage system or facility, as used in this 





includes any non-self-propelled vessel, tank, container or structure 
which may be constructed, installed or anchored in such a fashion that 
the principle part of the system, excluding pipeline connections, will be 
submerged below the surface of the water under operating conditions. 

The discussions in this study will relate primarily to a totally 
submerged system but the following deviations are considered to include 
the same basic principles: 

1. A combination system wherein a separate but smaller, additional 
! Storage compartment is supported above the water by the same foundation, 
with a fuel pipeline ar conduit oonnection leading to the principle sub- 
merged compartment which in turn extends to the foundation at the bottom. 

2. A vertical systen with a storage compartment extending from 
the bottom to a point above the surface where it supports a platform. 

In the approach to this study, the following assumptions are made: 

l. That, excluding any economic considerations, the basie con- 
cept of submerged storage is feasible purely from am engineering standpoint. 

2. That the product to be stored will be liquid in fern, 

3. That the system will be located in offshore navigable waters 
of at least 50 foot depth. 

kh. That for the foreseeable future, or at lesst within the next 
decade, ofl pipelines will not extend outside the 10 fathom curve in the 
Gulf of Mexico. This is substantiated by the fact thet aly a few pipe- 
dines have been laid to serve the fields close to shere in shallow waters 
5 5 
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A study of the characteristics of any 





zed storage system 
uld logically begin with the forces necessary to submerge the storage 
el and to hold it in place under static conditions. A review of 
Archimedes! principle will indicate that the ability to submerge a vessel 
containing a liquid product will depend on the interrelationship between 
the weights, volumes, and specific gravities of the solid and the fluid 
product, and the specific gravity cf the water in which submerged. 
The determination of required forces involves relatively simple 
ihysics for any one given set of conditions. However, the designer and 
the operator will not be faced with an ideal situation but a combination 
of variable and changing conditions. It is these factors which makes the 
problem more difficult. 

In the course of investigating these conditions the following 
determinations ahould be made: 

l. What are the variables which can effect the buoyancy forces? 

2. What are the variables which can effect the weight or 
submerging forces? 

3. What is the relationship between the two in a constent volume 
system? (A constant volume system is one in which the storage compart- 
ment is a rigid container and the stored products are not subject to sea 
pressure. Any space not occupied by tne produet will be filled with vapor. 

h. What is the relationship between the two in an internal dis- 
placement system? (An internal displacement system is one in which the 
bottom of the storage oompartment is open to sea pressure and any space 
not occupied by the oil mill be filled with sea water.) 


1 4 | 
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Discussions of the above points will be limited to a rigid 
re which is completely submerged. Later discussions under this 
y will inelude flexible containers and structures which extend 


A. Variations in Buoyancy Forces 


The buoyancy force of a submerged vessel is equal to the weight 
of the. water displaced and therefore is a function of the density and 





volume of the water displaced by the vessel and its contained product, 
> The densities of inland fresh water and sea water are recognised 
to be different but often the individual values are commonly considered 
to be constant, This assumption could lead to substential inaccuracies 





in the calculation of the buoyancy force, especially for sea water. 





The density of sea water depends primarily on two factors: 

f temperature and salinity. As the temperature decreases, the density 
increases; conversely, as the salinity decreases, the density decreases. 

Density variations with location and depth would be expscted, but 
equally important, ocnsiderable variations in a single location have been 
recorded by the U, S. Coast and Geodetic Survey." À minimum reading of 
slightly less than 1.000 for some locations and a maximm of slightly 
greater than 1.030 for others have been recorded. Recorded readings at 
a number of locations have shown a variance of about 0.020. 

These variations can be significant and must be planned for. A 
variation of 0.020 would result in a change in the bucymeg of about 7 
pounds per berrel volume, or about 175 tous for s 50,000 barrel storage 
facility when completely filled. (Note: Simple calculations involving 
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are used to merely show relative magnitudes. These 





 inelude a 2000 pound tou, 350 pounds per barrel of fresh water, and the 

volume of the tank's hul)] thíciness or attaohments is neglected.) 

Since the volume of water displaced is tne otber variable in 

bu yancy, dia will depend primarily on the size of the rigid submerged 
storage dotum; Slight variations in the bhll size may be caused by 

In a submerged constant volume system there is no pressure con- 
tact between the sea and the oil, and the volume of displaced water will 

pe main constant regardless of whether the compartment is full, one-half 

full, or empty. As long es the container remains fully submerged, and 












constant. For a one barrel container in sea water of specific gravity 
of 14090, this upward force will be equal to 357 pounds (350 lbs/barrel 
x 1.020). | 

It is important to note the difference in an internal displace- 
١ ment system. From the definition, ary space not occupied by 011 will be 
filled by sea water. Neglecting slight volume of the shell, the 
buoyancy foree would be zere when the compartment became void of eil since 
the sea Water has freedom to occupy all spaces in the submerged container. 
If oil is forced into the top of the one barrel storage until it is one- 
half full, one-half barre) of sea water is displaced. The weight af the 





| 
sex water displaced is equal to 9 x 357 pounds or 1780.5 pounds.snd the 
gross bucyancy force is the save. in a similar manner, whem the compart- 
ment is filled, the buoyancy force will be equal to 357 It should 
| | 
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yan 5-59 This will ccour in the heaviest sea water when the 
tor e is filled to capacity. Unlike surface storage, allowances for ex- _ 
or due to evaporation and temperature verteilen eno rarely required 











sinc ad d varia will normally be lees than the surface or pump- 

ing temperature. One exception to this has bem noted in the lady of 

various types of system. in a system proposed fer wórlé-Adé milis 

| 4 3, a barge is wed to transport fuel in addition to serving as a 

" em Set ga, erg oa the at to." In this case, some expansion may 

u expeited during transportation, and it is necessary to reserve part ef 

the total capacity for expansion. 

| | Sumarising, it can be said that the buoyancy force of a submerged 
storage system is a function of the density of the sea water and the volume 








` of the water displaced by the submerged part of the system. In a constant 

` volume system the buoyancy force will vary only with the density of the sea 
water, but in en internal displacement system, it will vary with both sea 
water density and the amount of oil stored. Exaaples of mbuoyancy forces for 
both systems, assuming a constant sea water density, ere depicted in Figure 1. 


. 


Be Variations in Submerging Foroes 


The forces tending to submerge a vessel depend en the combined weight 
of tHe vessel's structure, the solid ballast, and the contaimed product. To 
sink the v the sua of these weights must be greater than the buoyancy 
force. The amount by which the sum of these weights exceed the buoyancy is 
known as negative buoysncy or it may be called the sinking force (Weight 
(W) - Bucyamcy (B) = Sinking Force (8) ). 





10A 


Examples of Buoyancy "Forces 
In Sea Water of 1.020 Specific Gravity 


1. Constant Volume System (One Barrel Volume) 





(b) 1/2 Pull of oil (c) Pull of oil 





(a) Empty of Oil 


Notes: Buoyancy force of constant volume system is the same under 
all conditions. For a one barrel system, buoyancy force 
(neglecting shell) equals 357 pounds in sea water of 1.020 


specific gravity. 


2. Internal Displacement System (One Barrel Volume) 


Buoyancy Force 





(a) Empty of 011, 
Full of Sea Water, 1/2 Full of Sea Water, 
Zero Buoyanoy 178.5 Pounds Fquals 357 
Buoyancy Foroe, Pounds, 


Force. 


Note: In this type system the bottom of the tank is always open to 
sea pressure and the volume of water displaced or buoyancy 


force will vary with the volume of oil. Thus, maximum 
buoyancy force will exist when the system is full of oil, 


Figure 1 


















oth, thus an additional 
i n of l| pounds 
volume wi.l be arb'trarily selected for a static 
al differential necessary to com 
slight variations in specific gravity of the sea water, Thus , 
rel volui 


— — " 
= 


The primary variable in determining the submerging force, and 
consequently the weight of tro veesel structure and ballast, is the type 
of product and ite specific gravity. To show the effect of gravity varia- 
tic ns, a range from 20 degrees API (0.93 specific gravity) to 70 degrees 
API (0.70 specific gravity) will be used. These would represent practi- 
e l limits if a submerged storage were to be used with different types 
of products, crude and refined, under various operating conditions. 

While it is Hghiy unlikely for any one operator to encounter 
/ this wide range of conditions, wite variances in gravities may be reason- 
ably encountered, and a mobile system would be more practical if designed 
for different conditions. 

The mamitnde of specifier cravity variations can best be demon- ` 
strated by analyzing the extreme assumed conditions, When completely 
filled with a fuel of 70 decrees API (0.70 specific gravity) the 011 
would weigh ?l5 pounds (350 x 9.70) versus 361 pounds buoyancy, or a 


deficit of 116 pounds to be made up by tne weight c^ the container and 





= 
12 









For a 50,000 barrel system the weight of the container and 
t allast required would equal 2900 tons. 
At the other extreme condition when 20 degrees API fuel is stored, 
would be only 35.5 pounds per barrel volume, or 888 tons for 

barrel system. In Figure 2, a olot af deficit weights to be 
made up by the container and ballast versus specific gravity is included 
between hens limits for a one barrel system. This plot will show that 

3 Combined weight of the structure (vessel) and ballast mst be in- 
creased approximately 17.5 pounds per barrel for an increase in specific 





ravity of 0.05. In terms of a 50,000 barrel systea, this net increase 

m i 
would approximate 437 tons for an increase of 0.05 specific gravity of 
the oil, which eoald be quite substantial in field operations where a 





system was designed for a heavy product and then later used to store a 
much lighter product. 

The ratio between the structural weights and the solid ballast 
is always a compromise depending on economics, degree of mobility and 
surface stability desired, lateral forses, additional hull structure 
E as air-ballast compartments, stress members, and sectíonalised 
compartment), weight of anchor chains, etc. Since these involve detailed 
civil engineering drawings and calculations, no attempt will be made to 
present any quantitative examples but some of the general relationships 
will be pointed ont, 

First, the entire deficit weight must be made up by solid 
matter if the system is designed to nrovide for maximm buoyancy condi- 
tions when the compartment is filled. This deficit will change with 
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type of system (constant volune or internal displacement), rigidity re- 
quired in the surface, lateral forees, and possible distortion due to 
settling in weak soil, Ail of thase relate to potential stresses to 
which the system will oe suvjected. The desimer will generally attempt 
to use the lightest possible structure and then — for the dif- 


ference in 


Tne operator will ve most interested in the type and location of 





weight by solid ballast, 


| ballast proposed. As will te discussed in a subsequent section, the need 
Sor a low center of gravity in controlling submerging operations is very 

| Important and the locatdon of the fined ballast is the controlling factor. 

Detachable ballast will be ¿rovosed for sons systems to hold the system 

dow when mbmerrod with 2 lipi Dal., Tids ¡ratedure can reduce ine 

construction costs by ue of thinner holi plates, but the operator mst 

carefully ccnsider it in terme Of deran of mobility desired, deoth of 


water, and installation ~sts  Tranmspovti4r additicnal fixed ballast can 















© will be Apir»; toe tanks must include some 
type of skirt or strugture to nod tre se llast in position; and divers 


nired to ıasten It in position, As a general rule, it is de- 





sirable for the system to be constructed with sufficient inherent eink- 


ing forse to hold the stóregs 5n tbe bottom under maximum designed 





conditions. 
Sase patents have renwevendet ine use of an anchor system to pro- 
vide submercing force. Thle procedure ia definitely not considered 


| practical for tbe following reasonst 


— 


. no 


discussion of the magnitude of these foress is premature at this point 


The discussion so far has been limited to a static system with 





 eonsideratim to lateral forces of winds, waves, and currents. A 


° 
bub it is known that these forces decrease with depth. Therefore, it is 


desirable to keep the storage facility on the bottom where they are at 
& minimum and where the resistance cf the bottom can assist in prevemnt- 
ing lateral movement. ‘The magnitude of the wave forces can be enormous, 
A typical storm force against a submerged barge (100 ft. x 150 ft. x 10 
ft.) in 100 feet of water has been calculated by one author as 810,000 
pounds , 19 

Mobile anchor systens are normally used to prevent lateral move- 
ment rather than vertical movement, and 12 degrees from the horizontal 


red by the Navy as the maximam for efficient holding power. 





A degree of vertical holding force does exist, but it can vary 
greatly with the type of? soil and the type of anchor. A thumb rule of 


three times the weight of te anchor is often used as the break-out force 
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for & stocklees anchor with stabilizers in a sand bottom, The breaking 





strength of the chain would present. no problems since chains are avail- 
e which will withstand a 1.5 million pomd ig, 

No data were found regarding break-out force of steel piling, 
but it is assumed that they could be constructed to withstand greater 
break-out forces than mobile anchors. 


The significant disadvantage to moored submerged systems is that 





the anchors would not only have to provide submerging force, but would 





have to withstand shock loads from waves. These would have both a 


horizontal and a vertical component. For these reasons, it is considered 





that submergence by the use of anchors would be limited to small storage - 
less than 1000 barrels - under extreme good weather conditions. 
The above coments do not strictly apply to û piling sys ten 


wherein the container is pinned down to the bottom by the piling. In 





this case the wave forces are essentially horizontal, 

Insufficient data are available to determine to what degree pil- 
ing of this type can fumish submerginf force. Although an impreesion 
was obtained in a review of many articles on drilling barges in the Gulf 
of Mexico that in most cases the vilings were used primarily to resist 
lateral forces, it is believed that they » di also be employed to hold 
the system down under conditions of maximum lifting force. 

Summarizing, subuerging force is a functicn of the combined sub- 
surface and above water weights of the structure, ballast, and the store! 
product, The range of gravities of the nroduct is the primary variahie 
in determining the submerging forse The combined weights of stroctirw 


end the ballast (fixed or detach&ble) should be sulíficient to keep the 
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submerged when filled tc maxumm capacity with the lightest product. 











a are sometime used to help hold the system on the bottom, but they 


re usually installed primarily to resist lateral forces. Anchor systems 





are not considered feasible for keeping a large system submerged. 


0. Constant Volume System 


Some oí the patents have indicated the possible use of a constant 
volume system. This would be a very rigidly constructed pressurized 
vessel wherein no pressure contect between the product and the sea water 
exists; and when it becomes ermty of oil, the space is merely filled 
with vapor. 

The severe limitation of this type system should be apparent. 
It will be recalled that the bucyancy force of a one barrel submerged 
system of this type will always remain constant et 357 pounds (S.G. sea 
water - 1.020), since the amount of sea water displaced by the constant 
volume is constant. Also, when the system is full of the lightest fuel, 
the weight of the contäiner and ballast, from Figure 2, must equal 116 
pounds per barrel volume. But, look at the situation when this type 
system becomes empty. The welfoú of the vapor is negligible and it is 
apparent that the entire buoyancy Torce must be offset by the submerging 
fores or the weight of the container and ballast. Assuring a submerging 
force of 361 pounds (357 + Ll pounds sinking force) is required, a com 
bined weight of 182 tors for tne structure and ballast would be required 
for a emall 1000 barrel system when empty, 

In addition to this faetor, the vessel would have to be constructed 


| to withstand the complete hydrostatic ureesure st the depth submerged, 













e 
conditions under which even a small 500 barrel system of this type 


1d be practical are very remote and it is not considered applicabis to 





offshore operations. 


D. Internal Displacement System 


The essentia? features oí an interrai displacement system are thet 
the oil is always in pressure contact with the sea water when submerged, and sea 


water will fril any space not occtipied by the oil. This is the only type 





system considered practical for offsnore operations. 


One advantage to this syetem is that the pressure is always 
practically equalized at any heleht on botn sides of the storage compartment 
and the shell — not have to be constructed to withstand a large pressure 
differential. A small differential will exist due to the necessity for 
restricting the size of the sea vaives. Another advantage is that the oil 
is always under pressure due to the hyrirostatic head of the water and natural 
discharge flow, within certain limita, will take place. However, the opera- 
tor must keep in mind thak a Murgs tank ana pumping equipment will be re- 
«E to displace the water when filling the gystem with oil. 

The principle advantage wth regard to buoyancy and weight is 
that maximum submerged bucyancy (excluding any possibility af air tanks or 
air pockets) will occur when the system is filled to capacity. Ae the 
oil is used, or discharged, tne weight or submerging force will be reduced, 
However, thia reduction in volume of oil will also reduce the aout af 
water being displaced, and since the specific gravity of the water is 
— than the oil, the loss cf buoyancy is more than the loss of weight. 


A larger submerging force is the net effect. From this, 1t is apparent 
¿ ١ ۰ 
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that the design would normally bw beted on maxiram capacity when, under 
submerged conditions, tne ouoyancy force of the system is the greatest 

E" &' greater fixed weight is required, 

In previous discussions, two facts were established; one was 
that the design is usually based on conditions of maximum buoyancy and 
the other was that the maximum submerging force or combined wei ght of 
structure, ballast, and product is dependent on the specific gravity of 
the product. How are these two relationships reconciled in a oomletely 
submerged internal displacement sys ten? 

First, the system can be designed for maximum capacity of the 
heaviest or an intermediate weight fuel. This will permit use of the 
lightest combination weight of the vessel structure and solid ballast. 

If the system were then filled with a lighter product, additional solid 
ballast mst be "T or pilings must be used to keep the vessel 
submerged. Both of these methods are recommended for two different size 
systens proposed by the Sea Engineering and Salvage, ge Detachable 
solid ballast is recommended for the small semi-temporary system and 
pilings are recommended for the larger permanent system. 

For the operator, such as the military, who may desire a true mobile 
system for world-wide operations, where cranes or construction equipment are 
not readily available, pilings or detachable ballast are not practical. To 
save weight of construction and overcome this problem, a different 
approach was — in a proposed system for the U., S, Army.” The 
designer recommended that when light fuels are used the rated capacity 
of the system be correspondingly reduced. By this procedure the fixed 
weight af the vessel and ballast would compensate for maximum capacity 
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of the heaviest fuel of 25 decrees API, but these weights would only com 
asate for 50% of capacity of the lightest product of 70 degrees API. 

s is considered an extreme approach and is not recommended for use in 
offshore production applications. 

Another approach íis possible. The fixed weight of the gays ten 
can be designed for the lightest product. This in turn will require the 
heaviest combination weight of vessel structure and ballast, but the cost 
of construction can be excessive, This method does have the advantage 
that sufficient static submerging force is available under all conditions 
and a design approaching this limit, consistent with economics, is the 
more practical. 

For a motile system the problem of surfacing must not be for- 
gotten, especially for the heavier construction. Separate air ballast 
tanks may be provided, but positive controls must be available to insure 
that these tanks are completely flooded when submerged, or rupture due 
to hydrostatic pressure may occur. The main storage compartment may be 
deballasted with air efter insuring that no oil is present, or flooded 
pontoons may be lowered, attached, and then deballasted. The essential 
point in this operation is to keep free-surface water to a minimum for 
controlling stability, thus deballasting should be confined to spaces 
with the minimm horizontal surface. Sectionalised compartments will 
aid in this operation. 

The advantages of an internal displacement system have been 
pointed out in this section and it as considered to be the only practical 
method for offshore operations, The critical point in the weight- 


buoyancy relationship exists when the system is fell of the lightest oil. 


ho $ 








i 
(that time, the net difference between weight and buoyancy is at a 
submerged condit! on, Where economically possible, the 
combined fixed weignt of the structure and ballast should be sufficient 
to hold the system submerged under these conditions. Detachable ballast 


a 
may be used in a restricted motile system when the operating conditions 


» such ir installation is feasible; and where pilings are installed 
äi lateral forces, they may be used to offset small variations in 
the over-all weight-buoyancy relationships 


E. Flexible Container System 


The previous discussions have been limited to a completely 8ub- 
mersible rigid — system. Several of the patents have suggested 





the use of a submersible flexible container wherein the container is 
held suspended under water by an anchor system. f 

In this type system no provisions are made for ballast; the 
weight of the container is practically negligible in comparison with the 
stored product; and the deficit between the specific gravity of the 
product and the specific gravity of the pea water must be offset by an 
anchor system, 

Returning to Figure 1, it can be seen that the holding force of 
the anchors must range between lS and 116 pounds per barrel volume. For 
a small 1000 barrel system the anchors would be required to have a minimm 
holding force of 45,000 pounds with the heaviest oil. This does not 


include any additional forces generated by wave action, 






reason, plus the inherent danger cf rupture by vessels 
7 ; 


not considered practical fur 


A 












F. UdgmEination Storaj* and Platform System 


The general features of this type system are the combination of 
۰ & submerged storare and a structure which extends from the water bottom 
to a point above the water line where the structure supports a production 


platform. 





This structure could be fixed in thet it is constructed on the 
site out of prestressed concrete piles as proposed by Mr. Steenmeyer of 
the Mene Grande Oil imm ZS In this design the entire structure 18 
a group of six tanks, each fixed to the bottom and extending from the 
bottom to above the water where a large platform forms the top of each 
tank. (This construction wili be described in more detail in a later 
— i 

the other hand, the combinatıon storage and platform could 
| be & mobile Structure as proposed by Bethlenem Steel a, In this 
structure a large mat supports huge corner columns which serve as the 
main submerged storage compartment. Separate structural members, some 
of which form oil conduits, extend above the surface and support an 
additional storage tank. The flat top of the above-water tanks serve as 
the production platform. | 

The question is, how do these additional above-water structures 
and storage affect buoyancy and submerging forces? 


Both types are designed to operate as internal displacement 


systems with oil entering the top and the water access valves being 





located in the botto: the structure. Thus, the maximm buoyancy lores 
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igit af the volume of water dsglo sl Oy the combined structure and 


oil which 38 below Lhè striko», Siwe sol af the structure and the oil 





bove whiter, tos HOY orod OF Tiis system will bs less than a 
completely suumerged s ET Of equal capacity. 

As for the subwerciag force or weight of the combined system, it 
. will act in the same manner as fom a sumnletely submerged system. The 


total downward force will be equal t* tne total weights, both above and 
below the water. 





It can be seen that a more equitable balance between buoyancy 





and submerging forces san he obtaine! by this type system. On the other 
hand, this present discussion is Limited to a static system and this 
type system is inherently ors top heavy and is subject to much greater 
forces from winds and waves, The relative magnitude of these separate 
factors will be presented in other sectione, 
















| wniph ^an act on a idi dixe! This ai 
— — > «+ results of storm and hurricane 
R a ast cd of currents, winds, and 
Soil characteristics will also effect the ability of the structure 
+ tanks to resist these forces withomt moving from location, 


























A, Currents 


Since this study ta restricted to offshore areas, the currents 
SLL pt Fe pop, NTT, 4 forms found in Fiuld lwehanics texi- 





for uniform currents ageinset a sutmarped body can be used to show 
the relative magnitude uf this geet 
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Where: w = epocifio weight of the fluid in lbs/cu, ft. 
V » wwlonity o^ purrant in ft/sen. 
g * etalinn cf frevity 
À projectel =rues-anttion res of structure (fk?) 
Ca" Arg coe fici». which is dwpaient om the 
enone, FESS, and Reynolds Uumber. Far 


(i wie, De das ocafficient will‏ م 


2 














e ws 


reach & ori kleal value and will remain 








fabrly constant as the size af the con- 
talner or DIDI ty tnareages . 





batting an averä 0, velu# of 0.1; far a smooth cylindrical, 
Lange submerged tank und a current velocity of 5 knote (8.5 ft/sea.), it 








oan be shown that the Mraz force would epprorimete 29 pounds for «very 
Projected square foot of arsa ig The uth of the current, 

A velocity of C mot is ooosidered to be a very strong current, 
emm for the Qu1f af ce AN wile Dis foras anno, be completely 
igori, the magnitude wuld be very mail in comparison to storm wave 
efferts in most arees al cımretlau. 


Y. Winde 


Wind effects wet In arma of two phenomena. Une 
is that wiüüs are te prisurj *05ree of waves; in the second case, the 
forcë of ie Winds again! szpone) surface mit D» consid&red. The first 
ومفطة عه‎ cil) be discussed under the heading of wave affacte. 

One of the advantages of è QDA daly ubere storara& system 
is that there are no expired surfaces mubject to the forcm of winds. 

The operstor who desires a Gett mm Soa qnd platform came igre 
the winds. In en article in re 1955 issne of Drilling smu Production 
Practice published by blm dewerican Fetroleam Institute, Dro Richard Jo 
Homes reports that t6 mapnituisan of w:nd forces against offshore structures 
has bean the subjest of much controversr. Ee concludes that most de- 
aigners use a series of avuras» ralws for à 125-mph wind. These values 
vary from 40 to 62.5 pounds per wquare foot for flat surfaces and 20 to 
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a CS Wewee 


Bay valid story af ware »ffeots would be a comprehensive pro- 
jest in ibself and is beyond ns epp nf this study. However, som of 
the basic fundamrhase wid exempien of the celative amgritudes of waves 





forces will be poeteotes from maternal inclwted in several references 
woncerning the ALT of Hai ze, eo ee Ay] | 

A wave study fur à Dar*.cvlar ap will depend m the meteorologi- 
eal and omeanogrephic dete eralledie Sorwiber with the probabilities of 
omcarrwice of the west conditions. 155608 dala must then be interpreted 
in terms of the Spectrum of seves; neatly, weve length (distance between 
s0cceseive create), wave vulocity (w»v* length/wave period), wave steep- 
ness (height/length), and toe still water depth. The compiling of 
reoresentative data fcr a ciin trea is mo simple task and the lack of 
this information coeplicstes kero suudias. 

With the exceeétion af irfrewuedntily oncarring tidal waves, the 
principle energy of waves is in wind wsves and swells. Of those, the 
Wind waves are th® mort ieportell slros tn swells merely represent the 
reaidue of wind Wives in «reas some distance fram the renarating area. 

The threes fustors mich govern the dimensions of wind waves are 
wind velocity, wind! curation, wa fetch (llner distance over which the 
wind Glows). Thee factors are قوس‎ o determine values of wave haight 
and wave period gy use of emprirtowl Suredaee whee statistical data are 
not avellabis. As a p*ner«l Tiley weve periods in the Gulf of Maxico 


will range from 1.0 to 10 secorst@ with preater periods being associ ated 








with storms. WHY! beigtits about 3 leet are oommot with heighte up to 
50 feet precicted for hurricanes. 

e A definite distinction must ba made with regard to the relative 
depth of the water in determining wave effects. All theories are based 
on a distinction between ded water, aballow water, and intermediate water. 
It is important to note that theme classifications cannot be defined 
solely in terma of mean wpter depth, but must include the wave length. 
Deep water related to a condition when the depth of the water exceeds 
one-half of the wave lemth. With a typical storm wave length of 600 
feet, deep water would begin at 300 feet of water. Shallow water exists 
whan the depth is less than 1/20 of the wave length, which would be 30 
fest under these theories. Intermediate weter is between these extremes. 

From a review of several references, it is apparent that all of 
the engineers agree that the wav» forces are at a maximum just below the 
@urface and that the eiígnitude decreases with the depth of the water. 
However, there appeure Lo be «ame controveruy as to the amount of de- 
crease with depth. Gre souroe supouría a the ory that 95% of the wave 

«energy is contained retw»e« te sirface ad « water depth of ome-balf of 


1L In TAS cane, the wewe forces could be sabe tant ial 


lhe wary langth. 
om to a depth of arermiimialy 300 fert ander severe stom conditions. 
Tha ms" foret eLetose! 45006 & marine structure consist of two 
Kinda: a drag farce semporest Shiah is related to tie cinetic mergy of 
the whiter, and @ inertial force tosponeo!l wi;leh is related to the accele- 
ration af the water. e Joru dq Poros will prwdéeiuaw in all casas of 
cubeerce) structures «i w'll exes drag farce in قا‎ ratio of boat 15 to 
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ee abite quero dp € 
enee i in all areas nf operation sr that e storage must be installed 
— — extreme were afíeste, Thess calculations are presented 
to merely snow the relative laportanz* cf storm conditions, It is evidemst 
That a study of f thWse dariailes 13 aas=esary in the planning of a submerged 
*ioraf* system. 





D, Effect al Geil Characteristics in 
| Determining Lateral Forces 


Any study reqerdiae polerntivl] lstaral forces for a given area 


wronid include a constr remit inpettipativn of tie tyre of soll. Uneven 











sed for resisting lateral fora. The corfficiert of fries — 
a and Ihe subuerged «trocie re should be interpreted 
r manner. These values wil) normally range fren a low Uu: mui 
in compacted sard In We softer bottoms a greatar 
of resistance must be provided 19 the anchor or "int syétema. 
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t be interpreted <n terms of GOA Sythe Gyn tae to bé used bo resist 
lateral movement. Tas prolise le ont unm wmtabie for succemaful np 
of the sulmersible driliing bérge Mme tem experimmcod i» cffshore 
operations. | 
Difficuliies h&té bee tome If deine These "arce 
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i md Ss. 
y Member afin dal E e rere were pointed ost. It ia 
Cie © Cum the above coments regarding weve effecta prove sanclusively 
hat surficlent nepatiwe Lucyanc; is ended not only to soulmwrye the 

HL, but also to «selst in ewsishüg l&teral farows. 
The precise system to he ule for rewieting leteral motion of a 
` Heir serge sete cinet be determined until the conditions under 
` ich it will operate dre alga. la addition to soil conditions, the 
degree of mobility desired atl affect the decision, 

` For a wystes bh à lerce dápres of mobility the use of sufficient 





omativo Daoyaney or putas Torre Voga be pitso firet sonsideretion. 
Several offahore Afi U ‘ng harps nan Lis oeineiple, ard the Xerr Mocdee 
Ehe nó is -laimes KS pare iar "lircurg by ita shear sieas (209 fi. 
x S42 ft.) end the open spaces Deter members sitting on tbe pettes.?” 
A Thy ol a mopose ste fur world-wide military operations 
murpeste tit a 200 to Ain lors WOuld be smfficiónt for a 50,000 
barre eiis AR pe of bora.” This dining force 
18 bés@d of an sNEumptieonm of à "met sovTrwe t acting are inet the hull, 
tay otter lateral forces ware sperm)» commiderm’. In view of the 


potmctial wave effects undet ¿pe will, this assampition ts comdidered 
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= 
retors fof órilling naryan, Sci Sure adós? stebilizias pontoona or 
Ba a * " 
emistons artuated by hydreili- s vr ai= jecks which will press against 


Ae floor of the oces to hald she mig mgidy in place. Others have 
fferent meWiods are recesewnidet for the two-size systems pro- 





| h 
sd by the Sea Enwjnesrin: in Salvage, Inv. — In the small 5700 barrel 
tank system the techniqnes include three devices fer providing sinking 


force aid resisting lateral motion. The tank is jetted 10 fert into the 








mid bottom (a common onndi tion found in the (mle of Mexico), thres anchors 
end moring chains are amp, «nj prefarricated reinforced concrete blocks 





ere lowered and attached io an anti-srour skirt of the tank. In their 
larger 61,500 barrel tank, thay prepose tc ewe piling driven through a E 


` wmplate: 
: It is indicated thet the combination storage and platform system 





proposed by the bethlenem Stee] men will have sufficient sinking 
force to hold ii in place uuder most Poel mm This system also used 5 
a large met with open center sections in the bottom of the structure. 
The author describing this system re@perts teat ea special clamping device 
(not described) may be added wer the system becomes a permanent 
installation. 

Since the fixed installation prey.ceed for use in Lake Maracaibo 
is constructed by driving vertical piling into the bottue and then oos- ١ 
necting these together to form a tank container, the resistance against 
| i strength of the sgil and the 
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| 8 of oil chi —— on lateral forces wwe been 

5 in Y — stotin, Marin load capacity of the soil 1s 

There are many areas, espertally the Gulf of Mexico, where the 

| Tr A8 of great importancs. The scil in this area has been 

loscribed as young in @ geological sense with little strength, lack of 
iformity, and high water content. In all areas of potential opera- 

tions a preliminary survey of the bottom for the proposed site is oon- 


red essential. 


For mui bottoms, the possibility of the storage system sinking 


- 





= m 















completely below the normal boitow lewm, erists; and in sbell reefs or 





= 


rock bottoms, unequal settling could cause distortion and unequal stresses 





m 
۴ K in the tank structure. In all cases, tna slope mst be corsidered to in- 


gure maintenance cf stability. 
In areas of "harc® bottoms wheres mo settling is expected, the 
only requirement will be to find se level locstion. The depth of amd 


above a good bearing surface will be the criterion in soft bottoms. 
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SHBMERCING AMD S'IRFACING OPERATIONS 









»ntrol of sutmmrging and surfacing cannot be 
nique which merely changes the inter-relationship between 


ht as discussec under a static system. A moans for 


ët be provided, but more lmpertant, positive control over the verticsl 
The use of water ballast to change the over-all weight-buoymoy 
relationship for — is an accepted practice. Control of the 
influx of water during sufmerpence and expulaion of the water ballast for 
surfacing can be handled n bim ways: (a) controlled air venting for 
Mu sinking and use of air pressure for deballasting, or (b) use of pumps. A 
combination of thè wn methods also on be used, but the pumping system 
as considered too slow for any practical operation involving a large 
storage. In the air aystm, valves located on the vent line are used to 
control the rate of ballasting or deballastingo 

Mairtenance of yerticai stability can present a substantial 
problem and the principles mst be understood by the operator as well as 
the designer. Stability of a vessel in water depends on three basic 
factors: the location of the center of gravity (designated as 0), the 
location of the certer of buoyamy (designated as B), and the righting 
nonen t . 

The definitions of the center of gravity and the center of 
buoyancy are commonly knowr. The relatiomship between the two in oon- 
trolling stability is less unierstood. Under all conditions the resultant 
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ama 3 ١ 


of force acts ts throurh ue center of buoyancy and the result- 
A > 0 v 








&cts through the center of gravity. When a 


vossel 1s at rest in a vertical positiun, these lines of forces are act- 
a ` e — 


The metacenter (usually desi;nated as M) may be defined as the 
adi iting intersection which is approached by the lines of action of the 
| e feb one the original vertical through the center of buoyancy. 
his relationship is depicted in Figure 3 where GZ is the righting arn 
and the righting moment is the product of the weight of the vessel timer 
The significant point of this relationship is that a positive 
moment is provided only when the center of gravity is below the 
metacenter. The amount of freetoard, the relative width of the bean, 





the form of the bull, and other factors, which can only be properly 
evaluated with m experimental stability curve, effect the range of 
stability on the surface. A more critical sitemtion exists during 
submerging operations. 

Naval stiries of stomar)ne operations show that Lhe posi tion of 
B, G, and M will vary consiferwbly during "fire and eitfaríiy, During 
submergence the geommtri® farm af the tealowwater hull and the center of 
gravity continse to change wi! the aliit. oo water ballast util at 


complete suberryeric®, the cecfnr To weelity wl de ler Dian the center 
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Unstable 
On The Surface 


Note: Resultant force is an upsetting moment which is equal to 


the product of the weight of the vessel times the up- 
setting arm (GZ), acting in the direction Z-G. 





— 


On The Surface 


Note: Resultant force is & righting moment which is equal to 
| the produot of the weight of the vessel times the righting 
arm (GZ), acting in the direction G-Z. 
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Stable 
Submerged 


Note: Resultant force is a righting moment which is equal to 
the product of the weight of the vessel times the righting 
arm (GZ), acting in the direction GZ, 


Figure 3 
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t has been proren y naval Cxyecisxeets that Us freo-sirfeos effects 
. OSA the weigitt y We fr*«wurlaoe fiuid to rotate about its om 





wetacentwr rather thus Liv c@iter of Gravity ad tne resultant effect is 
tib the oenber of mrxrity of tha vessel will rise verticslly.~ Further, 





` @kperiaanty have shown that tole apward shift of the cater of gravity 

in a submarine is "bh that s» awe ber) negative atability can exist, 
even with هذا‎ low sentar of mewity. In «ddition, age » vessel is below 
the gurfane of tie weber, fhe lengitodiual stability is wore critical to 
Mie frem-eurfent effeet than transverse s*ahili$v. 

The above brief discoseion àf etability has beeo presented to 
point put Ge done to thoes wx have or may propose She ape of the 
tiakina one emd fret” seth) Lo Sitheerging a storage vimt.” Thia 
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It stong not ta ec “ran the above nomente that the vertical 
` Sîng sethod is a "eure aJi” to the prebles of stability during mib- 
werging cperaticons. Upon complete mthmerpence the weter plane area 

(water tlent freeboard) is reece to sero and th stability becomes most 
orítinal wless the center 5f previty is extremely low. The difficulty 





in obtfaintasg thie low center of gravity doring coostructis is recognised 
and additienal devices are ofen used WwW sontrol stability during 
rubaerzence. 

Pontoons, fixed ball wrtemiam, or beari feet have been used 
by different designers to Drermas thís problems with driliiog — 


The Sea Engineering and 3alva,$, Inc, arparertly recommend use of pon- 





ons for their proposed sSbeergeó storage» although the article describ- 


The article? describing the Bethlehem‏ م 


ing this system is not clear, 
system claims that no ajdítionsl devices are needsd in their system since 


the above water surface will provide sufficient w&ter piane ares. This 
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—— da with the author, it was estimated that 
>. sts for a 30,000 to 50,000 barrel installation in 60 to 100 fest of 
r would range between $20 and $30.00 per barrel and a larger sise ins ta} 
tion in the nésguborhood of 100,000 barrela would cost between $15 and 


d Installation Proocose? by Mr. gem opt of Mane Gri 0411 Comma: 2 
This proposed deísgnm is anm interial displasemert system consist- 
ing of eix 500,000 berre] ctrenler tanky to be constructed on-site in 
Lake Maracaibo prineipelly ut of prestrwssed comrete sheet pilae con- 
nected together over thwir ectire léngüh by steel interlocia. In 100 
fest of water, the walls of an inüivióval tazh would consist of 168 


vertical piles, 125 feot ir lengib with heade ani pointe, videh are 








driven imdividnaliy inte toe Lar loa And then conmectal tag. ty tie 
steel interlocks. The to*.com of the tank 10 Eh lake bottom with a 
lyydreuiic acosa to thè lakè hy & pipe leading through the walls 5f the 
tank. "he walls ettend free the babies to & peint about ll fast hoye 
the surface of the veter, 

Six tanks ars nonetrucied topether wd &re covered by è platfom 
which suppor*& production sqcipment, mwpS, &jd personnel quarters. The 
Bpaces betwam ihm tavk® are closed and fore water ballast compar amin. as 
to help oWWredme tucywncy of tos wpstes. Mare and wind forces ane 
related by the piling. 

Dischargs fuel lines Iran Io sp anchored barge loa4iog etetion 
which will serve @ the taker terming). Gemging of the oil level 8 
be accomplished through the roof af the Lanka since tank compartan le 


extend above the surface of the water to the bottom of the platfom., 








The antos skares DX ١ 200 ránle tomerimentation en toil 









«E 
beracteris tice, Water "Gates, 1Aur) ater feocetures, #te., are 

y but prélimis7; mt ce !es Xf costs would be «s Low ap §1.43 
př barrel for ije 3 zi11.100 0urrel TED Mon. 


This can be „)ansifind ns © tr irtermnal displacement, mobile 


 syeten, for theoretical iy i* ta designed 5c have sufficient surface 





stability under tow to any pêt 5^ tbe werId. This is accomplished by 
the use of centerline alr ballart tanks on each end of the vessel and a 
The design of tn:s veassl is based on two unique assumptions. 





ned center of rravily. 


First, it is assumed thet the ves will act as a cargo carrier and 
second, it is assumed Ust the storage compartment will never be œm- 
vplétely vacaved to proride portiive Dusyanmy for surfac'ng. Thede conti- 
tions necwesitate a coNnrumise betwnen over-all weight and sir ballast 
tanks to the exter tial the reese) wlil not emerge with over 50X cepe- 
city of the lightest provtuct. The refed capacity is 50,000 barrels for 
the heaviest product, 

The sinking fure ie provided by illin We air ballast tanks 
With sea water, and the (questiocashle) “sinking me end frst" principle 
of sulmergence is proposed. Tie ys tem does not provide for any type of 
&nohoring and the effect of potential were forces apparently were ignored. 

The inlet li^ for -*fillimg w^ud presumably lead to a buoy 
tanker terminal and the discitings line wuld commect to * pipeline lead- 


ing to shore. The air venting is controlled free è separate buoy, 
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Upon the muccansful campletian of ore or worm oil producing wells 
from an isolated offenore drilling pletforw in 60 or ware feet ol water, 
the sperator is lumeiisi«ly facwi wihh the problem of gathering md 

movement of th- oil to the refisery. Unlike the onshore operar, less 
tanks cannot be quickly cow teucted and the possibility of pipelines ex- 
tending out to such depths within Use next decade appears rary remote. 
Under these conditions, what does he du now? The common practicó 








is to produce the o11 directly into barges wich are towed to stare by 
tugs whan filled. A Te Lion trel» hare been temporarily stored 
on same Gf the larger platform, (et this is m emeptian. Firet, the 
platform are not wmally mretrented to witästend this adéiitional topside 
weight under the expected forces af wind end weves,. and ever sfterdril)- 
ing equigment is remove), reservo load capacity must be avatilatie to 
provide for work-ovwr cperaticps. Men, the potential hasarde from 
fire and explosion oh en iscleted sms island is a definite rw«etraining 
factor fru cumbining the storage af crude on tHe ete piatiora «ta ths 
well head connegtions, per*onnel quarters, etc. 

This use of baárge iresportation from distance wells is definite- 
ly not cheap. World Patrolew af August, 1956 reported tiat corts af 
tug rentals alone for one cowpany averaged lO eents a berrej and that 
projected cost of metals for barge am! tug fora well 60 wiles aet wuld 
approximaté close to $1.00 per barrel.” 


Seed 








w.uhes Le produce and continually move the 











For the sperwtor 
o, E AUS PEA 
small allowable, tere is no alternate chrice but to escent the high 
of barge transporteliaw. This is trus regardless of the type stor- 
age used. This assuapticn ig wade by the Sea Engineering and Salvage, 
‘Ino. in their proposal for a neil 5,700 barrel wuimerged storags and in 
their comparative cost »valustian against a elevated platform." 
From a far dis tanpo look mt the ovar-all problem, the only reel 
AA ARAS ning Hes i Geman eee 
and tanker pick-up regardless ol tie predestion rats. The tenker losd- 
ing procedure is ciswidered exre economisal predicated on the ascumptim 
that further tramsporteliua of thè oll to a distas refinery is required 
by pipeline er tanker elier the barge traneporte the crude lo Due naar» 
wat shore terminúl. This i» Deliewed to be a reasonable másxweption. 








True, the above groposel includes large investamts for &torage 
and ses terminals gù a tize ma pros ion rates are low mé it would 
require long intervals between wconogioA) tanker loads. However, [rue 
all reports met of the fields wurve fairly larg» potentia] reserTee , «nd 
with increased development the production rates will Ken, It is 
believal that high irrestomn! sar high operating corta for gublering 
and transportation are inevitabla, «nd it wuld appeer math beber $o is- 
veet in a potentially auru noonomical method than to merely maisiein 
opérations under e kuown red-Jedjar ia tim. dn for the long intervals 
between deliverive Una acomoda ted daliveries over toy dran long interval 
will be the ses ue «au De priest ar this propose? method. 

The proposal for use of tenirer sea tezwinmas in the miset of 
offahore oil fields can present some cowrnlisations. Tim sver present 
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ls from sea to the terminal are “wlinite considerations. To 





ze the proble», the operator com lovate the terminal on the ses- 
ward side of the field. However, as the nwwher of platforms in amy given 
area increase with many differen’ operators involved, plus the presence 








of fishermen, it is evident that some unifisd agremsent must be reached 
channels cen be marked for use of tankers in these potestial operations. 





hip of the U. S. Compt Guard whereby specified | 





Since these are international waters, this is a problem which can hendi- 
eap all phases of offshore operations. An attempt is being made to 
clarify this problem through the United ios. T 

The location of the storage mst be carefully planned to prevent 
future relocation. Any operator who should by chance place his tankage 
on an area Where furs drilling say be required will be faced with a 
very costly situation if movement is nanessary. 

The problems of tanker delays due to weather cén agein present 
some costly complications. Recent research with regard to sea turwinsls 





2003146 help to minimime the leeding proiiess, but som dër are 
inevitable. This is & risk which ait be accented, bul compared to We 
over~all coset of operstiom utier the barge sywtam, it 15 balievmd that 
there is no altemativ», 

Assuming thal ¿cuela bed storage la the answer, Wie ler ical 
method for providing bulk &ioragw would appear ño be a sutUmerped arsta. 
The larger platform io ue today would be limited to topeide eely ie 
aqui ralsnt to tbout 160,000 varrela,? x all trade journals report "hat 


their construction cost approtisstas tree million dallare. To increase 








the topside weight capacity of the elevated storage without loss of 


stability would require structures which would make the presext platforms 






look like miniatures and the construction cost would be astronomical. 
Larger barges are not the answer since frequent stoppage of preduction 
is now experienced when flowing into bargwe. 

‚The use of sa]! dome storage has Leen mentioned as another pof- 
sible method for offanore bulk — but no estimates of construction 
costs have been observed. Core drilling to define the limits of the salt 
dome would be expensive, and in order to serve any extensive areas of 
operation the costly protlew of laying pipelines would again arise. This 
method may be more potentially economical for a field on top of a salt 
dome, but the submerged storage appears to have more chances of wide 
application. 

Continuing the supposition that submerged storage is aore practi- | 
cal, which of the preset proposed systems would appear to be more 
feasible for a large bulk storage? In the discussion of this question, 
the 5,700 barrel semi-tewporary system ani the mobile veseel proposed for 
military operations are not considered directly applicable to the problem 
and wil) be ونه مده‎ De? 

Each of three other syst appears to have some distinct and 
separate advantages and disadvantages, Dus to lack of detailed inforwa- 
tion, a complete evaluation cannot be made. However, lists of mee of 


the more obvious advantares and disadrantages are propoeel sa follaws: 
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Apparent Advantages: 
l. More readily adaptable to operating areas where permanent 
production platforms already exist, 

2. Cheaper than the Bethlehem system when production plat- 
forms already are available and appear slightly cheaper for a spread- 
out gathering system, assuming the quoted price estimate includes con- 
struction of production platforms, 

3. Storage compartments are completely submerged and thus 
are not subject to wind end surface wave action. 

h. Lese subject to below water wave action since a lower 
vertical profile is presented, 

5. Can be relocated by removal of pilings. 

6. Appears more suitable for depth of water over 100 feet 
since storags compartaent does not extend from bottaz to murface. 

Apparent Disadvantages or Questionable Areas + 

l. Requires separste production platform and size of platforms 
included in cost estimate of $20.10 per barrel is unknown. These my be 
limited to am area merely for well head connections and xay nct provide 
operating space for oil tewsting facilities, personnel spaces, room for 
Work-ower rige, eio. 

2. Stability dine sulmergecce in depthe of water over 100 
feet is questionable aloos retraining 10038257 from muface appears 


necessary. 













2% Br ine Ge acetal for additional 
Lem 2brräuerg munter. 
(3. Appeare to bivo treater 
Note that top storage would be empty during these operations. 
.نا‎ Ease cf mobility claimed. 

1. Over-all stability of unit questionable when system full 
of light oil due to topside wwight. 
2. From a cost viewpoint, it is not readily adaptable to an 








action of vertical 











area where permanent produc tian platforms already exist, 

3. Since cost estimate does not include any — for 
gethering system or tanker om temeinal, it would be more expensive than 
the system proposed by Sea Engineering ad Salvage, Inc. 

Subject to beth wind and surface wave action.‏ .با 


5. Corrosions Of #ylish sonen hardi to dbitrol. 


Fixed Install ation cf tiv Type Pruposed "or Lake ine.” 
Apparent Advec eges. 
lo Estimetec cont appears very law. 
2. Contalía at integral production platform. 
Apparent Dissdventeyrs ow guestionelle Arees: 
1. Proposed me!kod of fabrlization of piles and 2009 rx Lion 





. Jan nary experlimertationo 
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E, Word —— of idésl weather for 
ênê ction. 

3J. Oi tipine Of conereve Walls questionehlé. 

No mobility.‏ .نا 

5. Sublant te With Ami and surface ware action, 

6. Subject bk deterioretiob Ey marine Doriogs. 

Due to tne many v&zi&bieas and lack of detailed information re- 
garding tke three systema, 11 wula be imprudent to attempt to select the 
ideal system of the three for any given operator. However, the relative 
‘umportant@e of production platforms to the three systems is noted and a 
few remarks to this point will be made, 

Rather than discuss production platforms in terms of any given 
typical situation, same ove~all statistics included in the Special 
Report of February 22, 1957 issue of Petroleum Week will be used to bring 
the over-a11 problem into f iin, - Thís article states that mobile plat- 
forms will drill about 85% of the emilcratory wells in 1957 and 1958, but 
the ratio will drop tw about 669 by 1960. As for development drilling, 
it is reported that mobile platforms will only drill about 5% in 1957 and 
this ratio will continue to drop. From these statistics, ii can be seen 
that the operators prefer to driil development wells from fixed type 
platforms which can resdily be adopted to prodection requirements after 
the drilling operation is completed. 

Of the two basic types of submeryad storage systems - vith ín- 
tegral platform or without integral piatísrm - the question appears to 
resolve itself into whether development drilling can be accomplished 


from a combined storage and platform system. This point is highly 














wo criteria wish gm. be sel Lo evaluate a potential offsbgre 
| storage facility, ami (2) to correláte offshore production ^ 
with the basic concert of mitered storage and with preliminary 


stady has esteblinkec the faot Shat no single criterioa can 
be used to evaluate Use purential practicebillty of this method of storage. 
0 To the contrary, a prupe *veicalilor soul wusist of a procesa Whereis 
the fensibility of a propues! ope mule be progressively auelyzed in 
terms of each of the sekantial factory aud their fundamental principles. 
A depè of nen between von af The funters i» endet, 
However, if the wire ia aporo«chw! in & logical proowdure, it is 
believed that tbe isdiridual fartors cen be evrélueted seneretely with 





wore clarity. Guth à precedire Ls proposed, 

| It is easertlal Uat the sgperetcr first establisS fir» cperatiag 
limitation or imposed contiiiuns» 6efoür* Koy evaluation is attempted. 
The variations in oYér-411 effectivonass umdér differeot operating condi- 
tions bere been demonetrated toreughost this study, and if a tailored 
syste is desired, Uis tnformetion must be available to the architect, 
A list would include Las fJcilowity irisse oper;ting fectors: 
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" Doia = nume ni ne SEE bu 
2. Tie mæ Ar «Kg ubere- a û aepamke prodectics ¡Letíora 
di. Miassi Latian Jur Me aya tn 
E. hê cegrys cf mild icy desirei 
6. The desired oil dlke rales from the storape Ks tim 
” T. The preference af lo Ue type of fuel level ènd fuel 
|. . egdntrol wmm 
. Xt hag been &stabli-heH inat a rigid construction, internal dia- 
placement system is Im only feasible type for offshore operations. 
likewise, the feasiti3it; of & cystes mnstructed om the site is 
It is proposed thet the evaluation of individual factors 
be made on the followinye: 
lo. Weight-cusymivg rela ticoship 

Initia eoneiseration Gf thir fastor is appropriste since it 








relates prigarily t^ “he tado «amis af capacity mx tre gravity of 
the product. Th mèbtis, ws Sai of oler factors will depend on 
this relationship. The following ertablished facts are pertinent to 
evaluation of this factors 

(a) The critecel point in this relationship existe when tbe 
systeme is full of tim ligi\wes il, At that time, the net difference 
between weight and bucyapcy lo al a midis under sole rged conditions. 

(b) Fur sltatr 4 completely Arge system cf » cuBbina- 
tion platform and wtorage "te, Ue camiiined weiynie of ht f*ructurw, 
fixed ballast, and the prodwe sold he sufficient *o keep the eyri 
submerged under timpa Bondi tn. A mere equitable bal&noe wil] be 


Ue 
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lt Web: cor — "e oe ar of e rirootere vi) 
Be bows etter acd Ue promt Myung borre wall ba er record 
a en Mj uy tbe ime fiie aube iran es 

(e) Miete acc dies wm oc» tuübmerging fovce ls reine 
in tbe Tora Sf I>e tisti o ihe Jum OF Almir Leg geld be 
Sha lad i iru uf nette cona ny Faltas. Pu wi metriot 
1 ability 4 presen ios tulatoa difficulties.  Detaobanle 
Wallast will bè etpar An شا ,اة ددا ۾‎ ibe we of polling is 
نووم سو وو‎ for a OTO permanent pw, pecially were lerge lateral 








` 3 Lateral Los 

Haying ewelagted ile 4م وتو عن‎ ¿bd -buoyency rmletlommhip, 
the operetor set lomre bossa? tusi proper considero tion bea bem given 
te the effect of latare? forces. The Tollowing facis are pertinent, 

(a) Tim aĉeta of currents «ill generally be ire ignificant 
in comparison tc winl and weye effwcte. 
٣ (b) Thm forcwe af windi sitet be primarily interpreted in 
terme of waves grnirated by the winds, However, the operator who desires 





&m integral production nlatfırs mast pormider this additional foros 
against the exposed structure. ‘There forces will range from about 20 to 
62 pounds per square foot for a i25—mph wind depending oc tbe shape af 
the exposed structar., 

(c) Wars effects will b® the most important factor in 
lateral forces, with the inertiel wat force predominating. The magni tada 
dear Br boemi in و عه‎ wig am mar the arra la Oe 

the shape and size of the Wulerwater 
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"on xo (Wr Ehe args tom with the prehakility 
e B west eni onm of anni Important cansidesstico. 
pr equal capacity pitani in a girm locstion, tm ware force ageinst 
cally enn image vi te mator than thee peinst 4 
cota tim eyste sisse Las celda inar aji Wil) jean « preater 
magnitude of am forcas is tue sangt, 

(d) The memo! امسوم وامتاسدوك جوع‎ due Lo laterwl furowe 
iD dipan an tie رودن‎ wergnt-5ozyenzy relationanip, the magnitude 
Of expected lateral Toros, and rat! marectertetins, A eurplus sinking 
forse mdi azime ouxyenc] contiions wil] help do mist lateral forces, 
wspeelallys for e eyotes vit « lares fousdstice and grid opetings as 
opposed io e solid bubi hull. Fur mobile or teepoarery imstallatiom, 
additional devic å may include use of anchors. Pomtooz» which aru 
frebsed against Live botlos by nyórzullc or «lr Jacks sie muy be wed 
má jetilos the structure Lito » aid DOttom will provide sum resistance. 
Di a mov puro? ate), pilimee Grin through templates are. omm- 
midered more practical. ""e «/ficíeney of any of the gora methods will 
depend on the soll chüracterictior. and the hull must be mfficiently 


reructure. 
e, 





supported to wWihmand dis tarttar, In Amy came, the prudent operstor 
shouid require sridmos ut Lie stewe Choirs hare been carefully nem- 
sidtred and that the —⏑ «111 resist te poteolisl lateral 
forcwa, 
3. Seil bering pacity 

Soll bearing dharwéteristücs can vayy widely, «veo ip Gm 
sam geral eras, This is primarily @ installation problem, emt tie 
system wt bé adaptable to the various conditions. If a safe tmaring 
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ec? * Bowowir, | déi. TE pu may be required to prevent 
EX "7 7 — 


d ا‎ _ 
-- my de arsed thet misBiTity should receive first 
ration, The vital importance af this factor ie not denied, but 
B primerily uc iu» vemt-4l] wenght-bnoyancy relatiunship. The 
te are pertinent iù the evalustion of this factor: 
(a) Serface stanllily depends on the relationship betes 
he cent of ETT, the center 1 buuymncy, tbe position of the mate- 
cmuter, the width of the ones, and the moent of fresboerd. Although 
ceter of cravity want vega be below tha position of the sets- 
caster fur comitive enetelity, the swutiewe emgde uf inciimstion ab which 
“a positive righting meant erte Ly æ dotter indfestion of etebilitys 
| This information eso only be determined by a ootel basin test project 
and there is ho substitute. ail aan be incrw&sec cy lowering the 
camber of pruvity or adticg wurtace pentoons ar air ballast oompurtrents, 
bet to insurd adequste wtabiiiiy, A ie Laperetive thet Use operwter in- / 
mint on rtability alryts tained from teasd modelle, 
(b) Tbe mort ori tio I point La wtabdlity ocome during 
muübmergihe operations, tnù iL 14 prettily affected oy presence of tres- 
murlaóée mater. The ewro وتعلاناة‎ mind de bonstdered Lo be mars 
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Sale for water depiha cre: D Tea An lies of tha siding wm eg Tiret 
method. Tis combination orep? MOA pla sym il! bere sore 
stability during elastin due to the abowe-iter plao» surface, out portaan 
can be added for ina wmmletely salwersihl» type. dgain, however, 
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AE ordo Û 
كو عناص م‎ 
Mbereas ia premitras fe: fore heve dealt wrt) basic character 
Sots > WAB fuel hae! Lng BoA ter ma ne Midero ad e Eon >f ewdl- 
y mita. In iva motirety, 14 will include all vel res, ههه خا مص ذا‎ 
, HUND, and e syetae db wocrizg 19 lankwc ar bere ko which the 
411 be Gaciargec. ditaswh *oe importance uf Mess unit lo suz- 
seweful opsratlome ósnoct be urerlocked, thay will not directly influmoe 
= وم‎ Bf a type of wyriam eine thay cap be rusdiir adogtal to mt 
any type of mbar me tem. Tory can be emlusted with cus conn iders- 
Lan to the followime qeset max 
(a) Can ih» peveposed fuel syeten be reatily adopted to 

|  preswat or proposed gatherinc sje tert ! 
0 (b) Have devices bem provided fcr fuel level iniioation 
am de these devices provide for sutamilo methods to prevent overílaw 
and pollittion of the waters? 

(c) Does tos gute provide for sufficient pumping capacity 
for discharge tc tankers or leryes? 

(4) Went wre Ue limitato of the proposed ses terminil 
uncer weather conditions md dows it hare facilities for andlig dif- 


















ferent size tankers or heras! 
6. Cot element 
Wen eluting bide fram two or more riputsile compaulos tds 
elmet of cost could be deus twa. Du the other band, 1* could be very 
misleading mcd this am has proved cumelurivaly Dat oo gral arti om 
should be attenmpiad on cost alone. With the many variables witch can 


vig design, it is the opinion of the author that cost 
» 4 
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le ot te e © the eutisar, 
t tbe must pobanthally éccomelral ssthod fun pes, ` 
EE NL eme اد لومم‎ 
| BEL LL aos visi ues juatict dii uates 
ermip Purthér, ib 2e G«licvwd "à! a syrien sisila to the 

QD by tw Se ngineerins and Salvage, Inc, «il fied the فونه‎ 
in offshore peroductiom one r*ion. 
ALL bffwhowe operitiop voreide the three wile limit are in 
Antermetional weiters. toi erin i^5st the preblew of nevigation fer 
“Roth barges ànd tankem wi] Ancresse as Mw developmeci of dls ares 
cunbismes. Eforks ko dany die Sn EEN the United Notiou 
Mhould bs comtinue mo aii: iioc4) uxified action, under Lt spasm rehip 
of tha Û. 5. Coke Quart, i15 il Ge gresoribe nmeTisable ehaunal 
Mimougb thë of fanom al) 11008. 

Snel mE 

Tha potential wale o & auceerped storage fertility to al fehore 

operetions has bem £91ahlls 9 Ls thie filly, and us recortes in rece 
trade journdie illuratlos de belos pre te this 
mwühod.of stater, Homer, © padtai أن‎ Lo the introduction, ao cru 

















all ewalaatioe hag su far bee wade of the factors whieh om influete 
Me olin dl operwiior of This iyve o^ stor». 

In this fhgwia toe vericus factors welch must be conaldored in 
planning and opersting a culmeryed stcrage famility have teem presm ted 


atively mien The basic steps of project analysis desirable 
i 





















TELE milite and it is hoped 
RE di 8 potential submerged 
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